To exploit the tumor microenvironment: Since the EPR effect fails in the clinic, what is the future of nanomedicine?
Tumor targeting by nanomedicine-based therapeutics has emerged as a promising approach to overcome the lack of specificity of conventional chemotherapeutic agents and to provide clinicians the ability to overcome shortcomings of current cancer treatment. The major underlying mechanism of the design of nanomedicines was the Enhanced Permeability and Retention (EPR) effect, considered as the "royal gate" in the drug delivery field. However, after the publication of thousands of research papers, the verdict has been handed down: the EPR effect works in rodents but not in humans! Thus the basic rationale of the design and development of nanomedicines in cancer therapy is failing making it necessary to stop claiming efficacy gains via the EPR effect, while tumor targeting cannot be proved in the clinic. It is probably time to dethrone the EPR effect and to ask the question: what is the future of nanomedicines without the EPR effect? The aim of this review is to provide a general overview on (i) the current state of the EPR effect, (ii) the future of nanomedicine and (iii) the strategies of modulation of the tumor microenvironment to improve the delivery of nanomedicine.